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Silicon as an attenuator of salt stress in Brachiaria brizantha ‘MG5’1

Silicio como atenuante do estresse salino em Brachiaria brizantha cv. MG5
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ABSTRACT - The aim of this study was to evaluate the effect of salt stress and silicon fertiliser on growth and nutritional
value in Brachiaria brizantha ‘MG5’. The experimental design was completely randomised in a 4 x 5 x 3 factorial scheme
with four replications; the treatments consisted of four concentrations of sodium chloride (0, 20, 40 and 60 mmol L*), with
five concentrations of silicon (0, 1, 2, 3 and 4 mmol L) in the nutrient solution, and three cutting periods (30, 60 and 90 days).
The concentration of 4 mmol L silicon minimised the detrimental effects of the sodium chloride on regrowth. However, the
levels of silicon application were not sufficient to reduce the harmful effects of the sodium chloride on nutritional value or on
dry-matter production in Brachiaria brizantha ‘MG5’.
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RESUMO - Objetivou-se avaliar o efeito do estresse salino e da adubacéo silicatada no crescimento e valor nutritivo da
Brachiaria brizantha cv. MG5. O experimento foi em delineamento inteiramente casualizado, sob o esquema fatorial 4 x 5 x 3,
com quatro repetigdes, onde os tratamentos foram quatro concentragoes de cloreto de sédio (0; 20; 40 e 60 mmol L), com cinco
concentragdes de silicio (0; 1; 2; 3 e 4 mmol L) na solugdo nutritiva e trés épocas de corte (30; 60 e 90 dias). A concentragdo
de 4 mmol L de silicio minimizou os efeitos deletérios do cloreto de sédio na rebrota. Entretanto, as aplicag8es dos niveis de
silicio ndo foram suficientes para atenuar os efeitos prejudiciais do cloreto de sddio no valor nutritivo e na producdo de massa
seca da Brachiaria brizantha cv. MG5.
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INTRODUCTION

The term salinity refers to the existence of soluble
salts in the soil that can significantly impair plant
development (YADAV et al., 2011). Salinity therefore, is
an abiotic stress that interferes with the growth of most
plant species, mainly due to the toxicity caused by the
excessive absorption of such salts as the sodium (Na*)
and chloride (ClI-) ions (SHAHZAD et al., 2012 ), which
results in nutritional imbalances in the plants (AHMAD
et al., 2013; RAHIMI et al., 2012).

An alternative to reduce the damaging effects
of salts is the use of silicon (Si) with the fertiliser,
since the addition of this element increases salt
tolerance in Poaceae (PARVEEN; ASHRAF, 2010).
Although Si is not considered essential to plants, it is
a beneficial element that reduces the impact of stress-
inducing agents (MA; YAMAJI, 2015). An increase in
Si availability results in an increase in growth, as this
element can act indirectly on various photosynthetic
and biochemical aspects of the plants, increasing the
levels of chlorophyll in leaf tissue, altering plant
architecture, avoiding excessive self-shading, delaying
senescence and protecting plants when subjected to
any type of stress (ABDALLA, 2011).

Recent studies have shown the beneficial effects
of Si on the growth of many plant species (Saccharum
officinarum, Sorghum bicolor and Zea mays) subjected
to conditions of salt stress (ASHRAF et al., 2010;
ROHANIPOOR et al., 2013; YIN et al., 2013). However,
considering grasses used for animal feed, the amount of
Si can compromise forage quality (MELO; MONTEIRO;
BONA, 2010), since the deposition of silica on the cell
wall increases the abrasiveness of the leaves, thereby
reducing their acceptability to grazing animals.

In this context, forage quality becomes an
important factor to be considered in obtaining good
animal performance. In Brazil, grasses of the genus
Brachiaria spp. occupy approximately 85% of the area
of cultivated pasture. Among the species of this genus,
one has been gaining prominence on the domestic scene,
Brachiaria brizantha ‘MG5’; with yields of 10 to 18
tons of dry matter ha* year* and showing rapid regrowth
and late flowering, its use is viable in cattle production
(CARVALHO et al., 2014).

Studies on forage plants under stress conditions,
as well as the beneficial effects of silicon on the plants,
are scarce. The aim of this study was to evaluate the
influence of salt stress and silicate fertiliser on the
growth and chemical and bromatological composition of
B. brizantha ‘MG5’.

MATERIAL AND METHODS

The experiment was carried out in a greenhouse,
with the analysis carried out at the Animal Nutrition
Laboratory (LANA) and the Garanhuns Laboratory Centre
(CENLAG), both located in the Garanhuns Academic Unit
of the Federal Rural University of the State of Pernambuco
(UAG/UFRPE).

The experiment was conducted in a completely
randomised design ina 4 x 5 x 3 factorial scheme, with four
concentrations of sodium chloride (NaCl) (0, 20, 40 and
60 mmol L), equivalent to an electrical conductivity of O,
3.9, 7.5 and 10.9 dS m respectively; five concentrations
of silicon (Si) (0, 1, 2, 3 and 4 mmol L?) in the nutrient
solution; with three cutting periods, one every 30 days
(COSTA et al., 2007); and four replications, where an
experimental lot was represented by one pot containing
one plant.

The seeds of B. brizantha ‘MG5’ were
distributed in trays containing washed sand moistened
with deionised water. After emitting the first leaf, the
seedlings were transplanted to trays of 10.0 L containing
Hoagland and Arnon (1950) nutrient solution under
aeration, at an ionic strength of 25%, increasing by
25% ionic strength until reaching 75%. After 15 days
adaptation, the plants were permanently transferred to
the pots (height: 18 cm, diameters: 18 and 16 cm, and
volume: 3.5 L), containing a nutrient solution at 100%
ionic strength, with the respective treatments under
aeration by compressor.

The doses of Si were applied via a 1.0 M solution
of potassium silicate (commercial solution of K. SiO,
with 171 g Si L*; 210 g K,O L™, pH = 12; density = 1.4
g cm3). The doses of K* were adjusted by a reduction in
the dose of KNO,, and the doses of N by the addition of
HNO,. When necessary, the volume of the solution was
topped up, and the pH adjusted to 5.5 by the addition of
0.5 mol H,SO, L* and 0.5 mol KOH L*. The Electrical
Conductivity (EC) of the solution in each pot was also
monitored every two days. When the EC of the plant
solutions fell to 40% of the initial solution, the solutions
were changed.

For growth variables, plant height and the number
of tillers were evaluated. The number of inflorescences
and senescent leaves were also quantified. These variables
were quantified before each cut. The cut was then made at
a height of 15 cm from the base of the plant to obtain the
aerial part (TAMELE, 2009).

The aerial part from each cut was dried in a
forced air circulation oven at 65 °C to determine the
shoot dry matter production (g pot?), and then ground
in a Wiley mill with a 1.0 mm mesh sieve. From this
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fraction, aliquots were taken to determine the levels of
shoot dry matter (DM), organic matter (OM), mineral
matter (MM), crude protein (CP), neutral detergent
fibre (NDF) and acid detergent fibre (ADF) (AOAC,
1990). The neutral detergent insoluble protein (NDIP)
and acid detergent insoluble protein (ADIP) were
determined as per Detmann et al. (2012), and the Si
content as per Bezerra Neto and Barreto (2011).

The data were submitted to analysis of variance
and then fitted to the multivariate mathematical model
(response surface) as a function of the Si and NaCl
concentrations in the nutrient solution, with the aid of
the R software (R CORE TEAM, 2014). In order to
compare the different collections, identity-testing of
the mathematical models was carried out when these
were similar. A significance level of 5% (P<0.05) was
adopted. The graphics were constructed using the

SigmaPlot 11.0 software (SYSTAT SOFTWARE INC.,
2008).

RESULTS AND DISCUSSION
First Cut

Shoot dry weight (SDW) reduced linearly as
a function of the NaCl concentration in the medium
(8.53 g.pot? at 60 mmol L* NaCl) (Figure 1a). With the
increasing Si in the solution, an increase was seen in

SDW to 11.27 g.pot'l at 60 mmol L* NaCl and 4 mmol
L Si, however, the Si concentrations were not enough to
minimise the damaging effects of the NaCl or improve
vegetative growth in the forage.

An excess of salts in plants alters the rate of
photosynthesis, impairing growth (BALAKHNINA;
BORKOWSKA, 2013). The decrease in photosynthetic
rate is due to several factors: a) dehydration of the cell
membranes that reduce their permeability to CO,; b) salt
toxicity; c) reduction in CO, assimilation; and d) greater

salinity-induced senescence (ROHANIPOOR et al.,
2013).

The levels of Si in the plant tissue reduced as
a function of the NaCl concentration in the solution
(Figure 1b). There was a quadratic effect as a function
of the Si concentration in the medium, with the highest
values seen with 3.90, 3.25, 2.61 and 1.95 mmol L Si at
concentrations of 0, 20, 40 and 60 mmol L NaCl in the
solution respectively (Figure 1b).

The reduction in Si absorption can be explained
by the decrease in plant transpiration when under
stress (ASHRAF; HARRIS, 2013). Less transpiration
in the plants reduces metabolic activity and the energy
available for nutrient absorption (TAIZ; ZEIGER,
2013). As Si absorption is active, and requires more

energy (MA; YAMAJI, 2015), there is consequently
less absorption under stress.

Figure 1 - Shoot dry matter production (a) and silicon content (b) in the aerial part of Brachiaria brizantha ‘MG5’ under Si and NaCl

concentrations in nutrient solution for the first cut

-1
Shoot Dry Matter (gpot™)

Y =13,37064 + 0,6883*Si - 0,08084**NaCl
R>=0,69

*and **Significant by F-test at 5% and 1% probability respectively

132

Nacy 0
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Y =2,81122 + 8,43617#*Si - 0,07317*NaCl
-1,07998**Si - 0,06903*SiNaCl
R2= 1,00
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The number of tillers (NT) reduced linearly as
the NaCl concentrations in the medium increased. The
lowest value for NT was 12 plant? at the concentration
of 60 mmol L* NaCl, with the greatest value of 16
plant® when grown with no stress (Table 1). There was
an increase in the number of floral tassels (NFT) and
number of senescent leaves (NSL) with the addition of
the NaCl concentrations (Table 1).

One of the tolerance mechanisms to salt stress in
plants is stomatal closure, to reduce the accumulation
of salts in the plant tissue. There is a decrease in gas
exchange and a consequent reduction in CO, assimilation
through photosynthesis, with a negative effect on
growth (ASHRAF; HARRIS, 2013; BALAKHNINA;
BORKOWSKA, 2013). In this way, the toxicity of the ions
reduced the formation of new tillers and the production
of SDW, accelerating leaf senescence (AHMAD et al.,
2013), and leading to shortening of the development cycle
of the plant.

With the acceleration of senescence and the
phenological cycle, photoassimilates and leaf nutrients
were mobilised for seed production and lignification
of supporting tissue such as stalks (TAlZ; ZEIGER,
2013), which had a negative effect on the growth
variables.

The Si and NaCl concentrations in the solution
did not alter plant height in the first cut, where the
average value was 85.18 cm; whereas for DM content,
an inverse quadratic effect was seen with the Si
concentration in the medium (Table 1). The lowest
value for DM (291.40 g kg NM) was obtained with
2.65 mmol L* Si in the solution. With the increase in Si

concentration there was an increase in the water content
of the aerial part of the plants. The Si absorbed by plants
is accumulated in bulliform cells (MELO; MONTEIRO;
BONA, 2010), and its accumulation and precipitation in
the leaf reduce water loss in the plants by inhibiting the
rate of transpiration (LIANG et al., 2015).

The levels of OM and MM varied as a function
of NaCl concentrations in the solution with a quadratic
fit (Table 1). The highest value for OM (909.60 g kg
DM) and lowest value for MM (90.40 g kg* DM) were
obtained with 21 mmol L* NaCl in the nutrient solution.
Plants under stress reduce ion absorption (TAIZ; ZEIGER,
2013).

The reduction in MM up to 21 mmol L?* NaCl
in the solution can be attributed to less ion absorption.
However, there was an increase in MM in plants grown
at concentrations greater than 21 mmol L NacCl in the
medium. This increase is associated with the effect of
the ion concentration on plant tissue, since there was a
reduction in plant growth (Figure 1a), demonstrating the
effects of salt stress on B. brizantha ‘MG5’.

The reduction in OM content with the increase in
NaCl concentration can be explained by the accumulation
of salts in the plant tissue (SHAHZAD et al., 2012;
YADAV et al., 2011), which impaired plant growth.

With the increase in NaCl and Si concentrations in
the solution, a reduction was seen in the values for CP.
The minimum value was 100.18 g kg™ DM with 4 mmol
Lt Si and 60 mmol L NaCl (Figure 2a). The reduction in
CP can be explained by the greater increase in senescence
(Table 1) of the plants under salinity, thereby reducing the
nutrient value of the forage.

Table 1 - Growth, and chemical and bromatological composition (g.kg DM) in Brachiaria brizantha ‘MG5’ for isolated concentrations

of NaCl or Si in the nutrient solution

Variable? Equation R?
NT Y = 15.7636 - 0.0604*NaCl 0.70
NFT Y =1.13327 + 0.02765*NaCl 0.91
NSL Y =11.9117 + 0.3748**NaCl - 0.004983**NaCl? 0.99
DM (g/kg NM) Y = 314.824 - 17.673*Si + 3.335*Sj? 0.74
oM Y =901.3593 + 0.7854**NaCl - 0.0187**NaCl? 0.94
MM Y =98.6407 - 0.7854**NaCl + 0.0187**NaCl? 0.94
ADIP Y =11.686 - 0.1383NaCl + 0.002114**NaCl? 1.00

aNP, number of tillers; NFT, number of floral tassels; NSL, number of senescent leaves; DM, dry matter; OM, organic matter; MM, mineral matter;
ADIP, acid detergent insoluble protein * and ** Significant by F-test at 5% and 1% probability respectively
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Figure 2 - Chemical and bromatological composition (g.kg* DM) of the aerial part of Brachiaria brizantha ‘MG5’ for concentrations

of Si and NaCl in the nutrient solution for the first cut

Y =106,3637 - 1,5459*Si - 0,2514**NaCl
R2=0,82

Y = 282,968 + 11,467**Si - 0,420NaCl +
0,01411%*NaC[ - 0,1749**SiNaCl
2=043

* and ** Significant by F-test at 5% and 1% probability respectively

NDF increased in the presence of Si up to a
concentration in the medium of 48 mmol L* NaCl (Figure
2b). Above this concentration of NaCl (48 mmol L) there
was a reduction in NDF in the presence of Si (Figure 2b).
This reduction was from 628.50 g.kg* DM to 615.80 g kg
DM in plants grown with 0 and 4 mmol L* Si in the medium,
and 60 mmol L* of NaCl (Figure 2b).

The reduction in NDF with the increase in Si in the
medium, in plants grown with 60 mmol L* NaCl is not
relevant to the change in forage nutrient value. The salinity
accelerated plant senescence (Table 1) (AHMAD et al.,
2013); this phenological change favours the lignification
of plant tissue (TAIZ; ZEIGER, 2013) and a reduction

134

(b)

Y = 571,198 + 12,748%*8Si - 0,9556*NaCl
- 0,2656**SiNaCl
R?=0,43

(d)

Y =27,972 - 3,073Si + 0,1216**NaCl
+0,8126*Si2 - 0,003991**NaCl2
R2=0,89

in protein content (Figure 2a), which correlate with the
increase in NDF (Figure 2b).

With the increase in NaCl concentrations in the
medium, there was a reduction in the increases of ADF,
the minimum value being obtained with 14.89 mmol L
NaCl (Figure 2c). The ADF increased in the presence of
Si, with the maximum value (328.80 g kg'* DM) obtained
at a concentration of 4 mmol L Si (Figure 2c).

ADF levels are related to the lignin content
of the forage, which prevents microbial adherence
and enzymatic hydrolysis of the cellulose and
hemicellulose, making the structural carbohydrates
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unavailable. As a consequence, forages with ADF
values greater than 400 g kg' DM adversely affect
ingestion (BERCHIELLI; PIRES; OLIVEIRA, 2011).
The values found in the present study would not affect
the consumption of grazing animals, since the highest
value (328.80 g kgt DM) found with 4 mmol L Si
and 0 mmol L* NaCl is below the level at which the
consumption of forage is affected (Figure 2c).

With increasing concentrations of NaCl in the
solution, the levels of NDIP increased up to 15.23 mmol
Lt NaCl (Figure 2d). There was also an increase in NDIP
values as a function of the Si. The minimum value was
25.10 g kgt DM for 1.89 mmol L* Si (Figure 2d), which
is related to the greater mobilisation of nitrogen (N) for
structural glycoproteins with the increase in Si. Structural
glycoproteins are related to an increase in cell-wall rigidity
(RAVEN; EVERT; EICHHORN, 2014), which may be
associated with accelerated senescence in plants and/or a
physiological response to conditions of salt stress.

CP, crude protein (a); NDF, neutral detergent fibre
(b); ADF, acid detergent fibre (c); NDIP, neutral detergent
insoluble protein (d).

ADIP levels reduced as a function of the NaCl
concentration up to 32.71 mmol L, followed by an increase
(Table 1). The minimum value obtained was 9.40 g kg*
DM with 32.712 mmol L* NaCl (Table 1). The values for
NDIP and ADIP are correlated with the nitrogen retained in
the fibre, making it unavailable for microbial action.

Second and Third Cuts

SDW production in the Brachiaria brizantha
‘MG5’ in the second and third cuts reduced linearly with
the increase in NaCl concentration (Table 2), where the
minimum values were 7.26 and 28.59 g pot respectively
for 60 mmol L* NaCl (Table 2).

In the second and third cuts, although the salinity
reduced tillering, the addition of Si to the plants under
stress minimised the effects of the NaCl. In the second
cut, plants grown with 60 mmol L NaCl in the solution
showed an increase in NT from 13 to 22 (Figure 3a),
and in the third cut, from 9 to 34 tillers when the Si
concentration increased (Figure 3b). The inclusion of
Si increases the growth of many plant species through
photosynthetic activity; this is due to the Si affording
an increase in leaf area and chlorophyll content, and
improving chloroplast structure in plants under salt stress
(YIN et al., 2013).

The concentrations of Si and NaCl in the solution
did not alter the NSL in the second and third cuts, where
the mean values were 30 and 35 respectively; the NFT was
also not altered in the last two cuts.

Plant height varied as a function of Si and NaCl
in the nutrient solution only for the second cut (Figure
3c). With the salinity, there was a reduction in plant
height. However, with the increase of Si in the medium,
plant height increased from 31.64 to 66.90 cm in the
plants grown with 0 and 4 mmol L Si respectively,
and with 60 mmol L NaCl, demonstrating the effect of

Table 2 - Growth, and chemical and bromatological composition (g.kg DM) in Brachiaria brizantha ‘MG5’ for isolated concentrations

of NaCl or Si in the nutrient solution for the second and third cuts

Variable? Equation R?

Second cut

SDW (g pot™) Y = 44.9853 - 0.6286**NaCl 0.92

DM (g kg NM) Y =333.2711 - 0.5894**NaCl 0.99

CP Y =79.9209 + 2.0737**NaCl - 0.0274**NaCl? 0.89

NDIP Y = 24.206 + 1.352**Si 0.81

ADIP Y = 6.450 + 1.482*Si - 0.2891**Si? 0.94
Third cut

SDW (g pot™) Y =81.9051 - 0.8887**NaCl 0.96

NDIP Y =19.3853 + 0.1364**NaCl 0.79

aSDW, shoot dry weight; DM, dry matter; CP, crude protein; NDIP, neutral detergent insoluble protein; ADIP, acid detergent insoluble protein; * and **

Significant by F-test at 5% and 1% probability respectively
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Figure 3 - Number of tillers (a, b), height (c) and Si content (d, e) in the aerial part of Brachiaria brizantha ‘MG5’ for concentrations
of Si and NaCl in the nutrient solution for the second and third cuts

Second cut Third cut
(a) (b)
a7
. %2
2 36|
g 7| % 70
% 301 f.; 60
2 e
] 3 30
Z 18, % 20
2L
60

20
Nac
aCy (mn,() e,

Nagy

U"L'i)

Y = 37,0538 +2,0504**Si - 0,3953**NaCl
R2=0,93

Y = 64,7980 - 9,94188i - 0,9328**NaCl
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R?=0,86

g content (g ke'h

Nagy

. Nagy
0l ;. f) (mmof[_-])
Y =90.409 - 2.3415%S] - 0.9794**NaCl Y =-1,6291 + 3,8730**Si + 0,1183**NaCl
+0,1859*SiNaCl R2=0,30
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and ** Significant by F-test at 5% and 1% probability respectively
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Si on plants under conditions of salt stress (ASHRAF
et al.,, 2010, MOUSSA, GALAD, 2015; YIN et al.,
2013).

In the third cut however, there were no changes in
plant height for the concentrations of Si and NaCl in the
solution, the mean value being 52.87 cm.

In general, Si minimised the harmful effects
of salinity on growth in the second and third cuts
only. Plants of B. brizantha ‘MG5’ under stress and
supplied with Si, displayed better regrowth compared
to plants with no Si. The mechanisms that explain this
result are related to the biochemical, physiological
and photosynthetic aspects of the plants (ABDALLA,
2011; PARVEEN; ASHRAF, 2010), which can be
better evaluated in future studies. In the second and
third cuts, the Si content increased in the aerial part
of B. brizantha ‘MG5’ as a function of NaCl and Si
concentrations in the solution (Figure 3d and 3e). The
increase in Si content in the plant tissue as a function
of NaCl in the medium is due to the effect of the
concentration, as there was a reduction in plant growth
(Table 2).

For the second cut, the DM content was reduced
as a function of the NaCl concentration in the medium
(Table 2). Due to the excess of the Na* and CI- ions in the
chloroplasts, there is a restriction on water absorption. As
an immediate consequence of this salinity-induced water
deficit, plant growth becomes slower in an attempt to
survive amid the stress (AHMAD et al., 2013; RAHIMI
et al., 2012). For the third cut, there was no fit of the
mathematical model for DM content as a function of Si
and NaCl concentrations in the medium, showing a mean
value of 415.20 g kg NM.

The OM content was reduced as a function of the
NaCl concentration in the solution, and increased as a
function of the Si for the second and third cuts (Figure 4a
and 4b).

MM levels increased with increases in the NaCl
concentration in the solution for the second and third
cuts, (Figure 4c and 4d). In the second cut, there was a
quadratic effect due to the Si. In the plants grown without
NaCl, the highest value (81.30 g kg* DM) for MM was
obtained with 4 mmol L Si (Figure 4c).

Plants cultivated with Si show greater ion
absorption efficiency (MOUSSA; GALAD, 2015),
resulting in a greater value for MM. In plants under stress,
the highest value for MM was obtained with 0 mmaol L*
Si. Plants under salt stress and with no Si displayed a
marked reduction in growth (Table 2), which may have
led to the accumulation of MM.

There was a quadratic adjustment of CP levels
as a function of NaCl for the second (Table 2) and
third cuts (Figure 4e). Also in the third cut, there was a
quadratic adjustment of CP levels as a function of the
Si, with the greatest value (105.80 g kg* DM) obtained
with 44.38 mmol L -* NaCl and 1.95 mmol L -* Si (Figure
4e). Even with Si promoting changes in CP values, these
were not enough to alter the chemical or bromatological
composition. The increase in CP as a function of the NaCl
can be explained by the effect of the concentration. The
plants reduced their growth, thereby increasing the leaf to
stem ratio and consequently the CP.

There was a decreasing linear effect on NDF
levels with the increasing concentrations of NaCl in
the second cut. There was an increase in NDF levels
as a function of the Si, however this increase had no
relevance in changing the value of this variable (Figure
5a).

In the third cut, there was reduction NDF levels
as a function of the NaCl and Si. The lowest value was
567.10 g kgt DM with 60 mmol L* NaCl and 4 mmol L*
Si (Figure 5b).

The reduction in NDF values with the increase
in NaCl is due to the smaller vegetative growth of the
forage under stress conditions, as confirmed by the
growth variables (Table 2), with less cell expansion,
and a consequent reduction in cell-wall constituents.

ADF levels were reduced as a function of the
NacCl in the solution. In the second cut, the minimum
value was 250.00 g kgt DM with 50.54 mmol Lt NaCl
(Figure 5¢). However, with the increase in Si, there was
an increase in ADF (Figure 5c). In the third cut, the
ADF reduced as a function of the NaCl in the solution,
the lowest value being obtained with 60 mmol L-* NaCl.
A quadratic effect was seen for increases in Si concentration,
where the minimum value was 368.00 g kg DM, obtained
with 1.92 mmol L Si (Figure 5d).

For the second cut, there was an increase in the
levels of NDIP in the aerial part of B. brizantha *MG5’as
a function of the Si. The maximum value for NDIP (29.60
g kg* DM) was obtained with 4.0 mmol L Si (Table 2).
For the third cut, the NaCl concentration increased the
levels of NDIP, with a high value of 27.60 g kg* DM
with 60 mmol L* NaCl (Table 2).

Values for ADIP in the second cut increased as a
function of the Si (Table 2). In the third cut, the ADIP
content increased with the NaCl and Si concentrations
(Figure 5e). The values for ADIP are correlated with
the nitrogen retained in the fibre, which is not available
for the action of ruminal micro-organisms.
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Figure 4 - Organic matter (a, b), mineral matter (c, d) and crude protein (e) in the aerial part of Brachiaria brizantha ‘MG5’ under
concentrations of Si and NaCl in the nutrient solution for the second and third cuts

Second corte Third corte

Y = 933,87 + 7,307Si - 1,730**NaCl - 2,773*Si? Y =937,187 - 2,179*%*NaCl + 0,210**SiNaCl
+0,008749%*NaCl? + 0,1397*SiNaCl R2=0,90
R?=0,87

OjL.,])

Y = 66,132 - 7,307Si + 1,730%*NaCl + 2,773*Si? Y = 62,7743 + 2,179**NaCl - 0,210**SiNaCl
+0,008749%*NaCI? + 0,1397*SiNaCl R? = 0,90
R2=0,87

Y = 53,2556 + 6,6842Si + 2,0772**NaCl
- 1,7115%Si2 - 0,0234**NaCl?
R2=0,98

* and ** Significant by F-test at 5% and 1% probability respectively
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Figure 5 - Neutral detergent fibre (a, b), acid detergent fibre (c, d), and acid detergent insoluble protein () in the aerial part of
Brachiaria brizantha ‘“MG5’ for concentrations of Si and NaCl in the nutrient solution for the second and third cuts

Third cut
(b) S

Second cut

Y =651,27594 - 0,08436**Si - 1,72172**NaCl Y =707,307 - 3,787**8Si - 2,085**NaCl
R?2=0,92 R?>=0,93

(c) (d)

360
2 0 2 400
A 320 [=)
! =N 360
2 300 s o 320
= 280 37 % 2801
< 26 2 F
240 1 £
60 ™ 0o
20 0
NaCl (mmol -1
Y =321,4653 +4,27914*S1 - 2,87161**NaCl Y = 385,957 - 18,6948 - 1,326**NaCl
+0,02841**NaCl> + 4,866*Si?
R2=10,90 R?>=0,96

ADIP (g kg DM)

Y = 8,689 + 0,6817**Si + 0,2314**NaCl
- 0,002592**NaCl?

RZ=0,91
* and ** Significant by F-test at 5% and 1% probability respectively
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Silicon as an attenuator of salt stress in Brachiaria brizantha ‘MG5’

CONCLUSION

The concentration of 4.0 mmol L* silicon reduces
the damaging effects of sodium chloride on regrowth in B.
brizantha ‘MG5’, with advancement of the phenological
cycle improving growth. However, the silicon levels
under study are not sufficient to give satisfactory results in
relation to a reduction in salt stress as regards quality and
the production of forage weight in B. brizantha ‘MG5’.

REFERENCES

ABDALLA, M. M. Beneficial effects of diatomite on the growth,
the biochemical contents and polymorphic DNA in Lupinus
albus plants grown under water stress. Agriculture and Biology
Journal of North America, v. 2, n. 2, p. 207-220, 2011.

AHMAD, P. et al. Ecophysiology and responses of plants under
salt stress. In: HASANUZZAMAN, M.; NAHAR, K.; FUJITA,
M. (Ed.). Plant response to salt stress and role of exogenous
protectants to mitigate salt-induced damages. 2013. cap. 2,
p. 25-87.

ASHRAF, M. et al. Alleviation of detrimental effects of NaCl
by silicon nutrition in salt-sensitive and salt-tolerant genotypes
of sugarcane (Saccharum officinarum L.). Plant Soil, v. 326,
p. 381-391, 2010.

ASHRAF, M.; HARRIS, P. J. C. Photosynthesis under stressful
environments: an overview. Photosynthetica, v. 51, n. 2, p. 163-
190, 2013.

ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS.
Official methods of analysis. 15th edition. Arlington, 1990.

BALAKHNINA, T.; BORKOWSKA, A. Effects of silicon on
plant resistance to environmental stresses: review. International
Agrophysics, v. 27, p. 225-232, 2013.

BERCHIELLI, T. T,; PIRES, A. V.; OLIVEIRA, S. G. Nutricdo
de ruminantes. 2. ed. Jaboticabal: Funep, 2011. 616 p.

BEZERRA NETO, E.; BARRETO, L. Andlises quimicas e
bioquimicas em plantas. Recife: Editora Universitaria da
UFRPE, 2011. 261 p.

CARVALHO, C. A. B. et al. Performance of dairy heifers raised
on Xaraés palissadgrass (Brachiaria brizantha cv. Xaraés)
pasture supplemented with two types of mineral mixture.
Pesquisa Veterindria Brasileira, v. 34, n. 1, p. 46-50, 2014.

COSTA, K. A. P. etal. Intervalo de corte na producdo de massa
seca e composicdo quimico-bromatolégica da Brachiaria
brizantha cv. MG-5. Revista Ciéncia e Agrotecnologia, v. 31,
n. 4, p. 1197-1202, 2007.

DETMANN, E. et al. Métodos para andlise de alimentos. Rio
Branco: Suprema, 2012. 214 p.

HOAGLAND, D. R.; ARNON, D. I. The water culture method
of growing plants without soil. Berkeley: California Agriculture
Experimental Station, 1950. 32 p. (Circular 347).

LIANG, Y. et al. Silicon in agriculture. In: LIANG, Y. et al.
Silicon-mediated tolerance to salt stress. Springer Science,
2015. cap. 6, p. 123-142.

MA, J. F; YAMAJI, N. A cooperated system of silicon
transport in plants. Trends in Plant Science, v. 20, n. 7
p.435-442, 2015.

MELO, S. P; MONTEIRO, F. A,; BONA, F. D. Silicon
distribution and accumulation in shoot tissue of the tropical
forage grass Brachiaria brizantha. Plant Soil, v. 336, p. 241-
249, 2010.

MOUSSA, H. R.; GALAD, M. A.R. Comparative response of
salt tolerant and salt sensitive maize (Zea mays L.) cultivars
to silicon. European Journal of Academic Essays, v. 2, n.1,
p. 1-5, 2015.

PARVEEN, N.; ASHRAF, M. Role of silicon in mitigating the
adverseeffectsofsaltstress ongrowth and photosynthetic attributes
of two maize (Zea mays L.) cultivars grown hydroponically.
Pakistan Journal of Botany, v. 42, n. 3, p. 1675-1684, 2010.

R CORE TEAM. R: a language and environment for statistical
computing. Viena, Austria: R Foundation for Statistical
Computing, 2014.

RAHIMI, R. et al. Effects of salt stress and silicon nutrition
on cholorophyll content, yield and yield components in
fennel (Foeniculum vulgare Mill.). International Journal of
Agriculture and Crop Sciences, v. 4, n. 21, p. 1591-1595, 2012.

RAVEN, P. H.; EVERT, R. F.; EICHHORN, S. E. Biologia
vegetal. 8. ed. Rio de Janeiro: Guanabara Koogan, 2014.
1637 p.

ROHANIPOOR, A. et al. Effect of silicon on some
physiological properties of maize (Zea mays) under salt stress.
Journal of Biodiversity and Environmental Sciences, v. 7,
n. 20, p. 71-79, 2013.

SHAHZAD, M. et al. Growth-related changes in subcellular
ion patterns in maize leaves (Zea mays L.) under salt stress.
Journal of Agronomy and Crop Science, v. 198, p. 46-56,
2012.

SYSTAT SOFTWARE INC. SigmaPlot Version 11.0. Point
Richmond, California. 2008.

TAIZ, L.; ZEIGER E. Fisiologia vegetal. 5. ed. Porto Alegre:
Artmend, 2013. 918 p.

TAMELE, O. H. Manejo de hibridos de sorgo e cultivares
de milheto em sistema de pastejo rotativo. 2009. 65
f. Dissertacdo (Mestrado em Zootecnia) - Faculdade de
Ciéncias Agrarias e Veterinarias, Universidade Estadual
Paulista, Jaboticabal, 2009.

YADAV, S. et al. Causes of salinity and plant manifestations to
salt stress: a review. Journal of Environmental Biology, v. 32,
p. 667-685, 2011.

YIN, L. et al. Application of silicon improves salt tolerance
through ameliorating osmotic and ionic stresses in the seedling
of Sorghum bicolor. Acta Physiol Plant, v. 35, p. 1-9, 2013.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

140 Rev. Ciénc. Agron., v. 49, n. 1, p. 130-140, jan-mar, 2018



